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Tau leptons play an important role in the physics program of the ATLAS experiment, operating at
the LHC. They are used in searches for new phenomena like the Higgs boson and Supersymmetry
and for electroweak measurements. Identiﬁcation of hadronically decaying tau leptons is achieved
by using detailed information from tracking and calorimetry. Variables describing the properties of
calorimeter energy deposits and reconstructed tracks for tau candidates are combined into multi-
variate discriminants, to achieve high rejection against backgrounds. The identiﬁcation efﬁciencies
are measured using W-tn and Z-tt events, and compared with the prediction of the Monte Carlo
simulation. The energy scale uncertainties for tau leptons are determined by investigating single
hadron calorimeter response.
& 2012 Elsevier B.V. All rights reserved.1. The tau lepton at hadron colliders
Tau leptons play a key role in the discovery potential of the
ATLAS experiment at the LHC, especially in Higgs and Super-
symmetry searches. Tau leptons have a lifetime of 290.6 fs,
and decay before being detected. Tau decays can be leptonic,
with a branching ratio of 35.2%, or hadronic, with a branching
ratio of 64.8%, which are either 1-prong or 3-prong, i.e. with
one or three charged particles in the ﬁnal state. At hadron
colliders it is very difﬁcult to distinguish leptons from tau
decays from prompt leptons. The effort concentrates then on
hadronic decays that show up in the detector as low multi-
plicity collimated jets of hadrons. Detailed calorimeter and
tracking information is combined to reconstruct and charac-
terise tau candidates. To exploit the physics potential in tau
channels it is necessary to be able to discriminate genuine tau
lepton decays from hadronic jets, electrons and muons and to
have a good energy calibration [4].2. Tau reconstruction at ATLAS
In ATLAS [1], the reconstruction of tau candidates is seeded
by anti-k t jets (distance parameter R¼0.4) [2] reconstructedll rights reserved.
i di Milano, via Celoria 16,from topological clusters of calorimeter cells. Good quality
tracks are associated to the candidate as core tracks if they lay
inside a cone of DRo0:2 from the tau axis and as isolation
tracks if they lay within 0:2oDRo0:4 [3].3. Energy calibration
The four-momentum of the candidates is computed from
clusters in the core cone. On top of the general hadronic energy
calibration, a tau speciﬁc correction is applied. This correction
is determined using the response of Monte Carlo simulated tau
candidates in bins of pseudorapidity, reconstructed energy
before correction, and number of charged particles in the
tau decay.
The uncertainties on the energy calibration are determined
from particle response measurements from test beam data,
in situ E/p measurements and from Monte Carlo studies aimed
to quantifying the effect of uncertainties in the modeling of the
underlying event, additional pp collisions superimposed on the
hard physics process (pile-up), hadronic showers and amount
of material in the detector simulation. Examples of tau energy
scale uncertainties are shown in Fig. 1.4. Identiﬁcation
Information from tracking and calorimetry is combined to
derive identiﬁcation variables. Most important to discriminate
S.M.Consonni / Nuclear Instruments and Methods in Physics Research A 718 (2013) 78–80 79taus from the overwhelming multi-jet background are variables
quantifying the width of the jet, both in the tracker and
calorimeter. The invariant mass of tracks and clusters can
provide some discriminating power, as well as the use of ﬂight
path and impact parameter information, due to the relatively
long lifetime of tau leptons. Finally, it is important to be able to
discriminate against electrons as well: for this the informationATLAS Preliminary
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Fig. 2. Examples of identiﬁcation variables. Shower width in the calorimeter (a) and ra
the leading pT core track [3].
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Fig. 1. Tau energy scale uncertainty for 1-prong 9Z9o0:3 decays (a) and 3-prong, 1:6o9
uncertainty as the ﬁlled band.
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Fig. 3. Examples of identiﬁcation performance of inverse background efﬁciency as a fu
jets (a) and electrons (b) [3].from the Transition Radiation Tracker and from the different
ATLAS calorimeter layers is used. Examples of identiﬁcation
variables are shown in Fig. 2. Pile-up independence is a major
requirement for identiﬁcation variables. This implies that a
tradeoff between tracking and calorimetry is necessary. Track-
ing is in fact less sensitive to pile-up thanks to a shorter
integration time. Moreover tracks can be associated to thefHT
ATLAS Preliminary
0
S
am
pl
e 
Fr
ac
tio
n 
/ 0
.0
2
0
0.05
0.1
0.15
0.2
0.25 Z→ττ
Z→ee
pT>20 GeV
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
tio of high-threshold to low-threshold hits in the Transition Radiation Tracker, for
pT [GeV]
20 30 40 50 60 70 80 100 200
Fr
ac
tio
na
l u
nc
er
ta
in
ty
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
1.6<||<2.5
3 prong decays
Single particle resp. Material modeling
Underlying event Non-closure
Pile-Up Total uncertainty
Hadronic shower model
ATLAS Preliminary
Z9o2:5 decays (b). The single contributions are shown as points and the combined
Signal Efficiency
ATLAS Preliminary
tau performance
In
ve
rs
e 
B
ac
kg
ro
un
d 
E
ffi
ci
en
cy
1
10
102
103
Cuts
BDT
Likelihood
1-prong, 20 GeV < pT≤ 40 GeV
2011 dijet data ∫dt L = 130 pb-1 
0.2 0.60.3 0.4 0.5 0.7 0.8 0.9
nction of signal efﬁciency for different estimators built for discriminations against
Table 1
Results of the identiﬁcation efﬁciency measurements using
Z-tt and W-tn events. Results are based on 1:37 fb1 of
2011 ATLAS data for W-tn and 0:8 fb1, for Z-tt. The
statistical uncertainty is given ﬁrst and then the
systematic [3].
Channel Measured efﬁciency
W-tn 0.6370.0270.03
Z-tt 0.6170.0470.06
S.M.Consonni / Nuclear Instruments and Methods in Physics Research A 718 (2013) 78–8080primary interaction vertex. Calorimetry on the other hand
allows to measure the deposits due to neutral particles in tau
decays as well.
Identiﬁcation variables are used to build three alternative
discriminants: a cut based discriminant, a discriminant based on
a projective likelihood, and a discriminant based on a Boosted
Decision Tree (BDT). Examples of the performances are shown in
Fig. 3.5. In situ identiﬁcation efﬁciencies
Identiﬁcation efﬁciencies were measured in data by tag and
probe methods, where W-tn and Z-tt events were selected
without applying tau identiﬁcation. The efﬁciency was estimated
from the fraction of events passing the identiﬁcation Keeping the
backgrounds under control and being able to quantify theircontribution to the selected sample correctly is the major chal-
lenge of this kind of measurements. The estimation is performed
by exploiting charge correlations for Z-tt events and ﬁtting the
tau candidate track multiplicity for W-tn. Examples of results
are reported in Table 1 for the ‘‘Medium’’ working point of the
BDT based identiﬁer.6. Conclusion
Tau decays have an important role for the search of new
physics at ATLAS. The reconstruction, energy measurement and
identiﬁcation of hadronic tau decays relies on the combination of
both calorimeter and tracking measurements. The wealth and
quality of this information assures a good and well determined
tau performance at ATLAS.References
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